High-level production of human collagen prolyl 4-hydroxylase in Escherichia coli.
The collagen prolyl 4-hydroxylases (C-P4Hs), enzymes residing within the lumen of the endoplasmic reticulum, play a central role in the synthesis of all collagens. The vertebrate enzymes are alpha(2)beta(2) tetramers in which the two catalytic sites are located in the alpha subunits, and protein disulfide isomerase serves as the beta subunit. All attempts to assemble an active C-P4H tetramer from its subunits in in vitro cell-free systems have been unsuccessful, but assembly of a recombinant enzyme has been reported in several cell types by coexpression of the two types of subunit. An active type I C-P4H tetramer was obtained here by periplasmic expression in Escherichia coli strains BL21 and RB791. Further optimization for production by stepwise regulated coexpression of its subunits in the cytoplasm of a thioredoxin reductase and glutathione reductase mutant E. coli strain resulted in large amounts of human type I C-P4H tetramer. The specific activity of the C-P4H tetramer purified from the cytoplasmic expression was within the range of values reported for human type I C-P4H isolated as a nonrecombinant enzyme or produced in the endoplasmic reticulum of insect cells, but the expression level, about 25 mg/l in a fermenter, is about 5-10 times that obtained in insect cells. The enzyme expressed in E. coli differed from those present in vivo and those produced in other hosts in that it lacked the N glycosylation of its alpha subunits, which may be advantageous in crystallization experiments.